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This study focused on efﬂuents characterization and accessing
physical and chemical treatment by ﬁltration and coagulation
processes. The analysis results of the raw efﬂuents reveal that the
efﬂuents were yellowish-brown color, having basic pH, very high
values of BOD5, COD, TDS, TSS, TS and high concentrations of Cr,
Na, SO42− and other organic and inorganic constituents. After
settling and a subsequent ﬁltration of raw tannery efﬂuents
through sand-stone, the ﬁltered efﬂuents were treated with
various doses of FeCl3. The study observed that coagulant (FeCl3)
of 150 mg/L dose near neutral pH showed the best removal
efﬁciencies for major physico-chemical parameters. The analysis
results illustrate that most of the physical and chemical para-
meters were found well below the prescribed permissible limits
for efﬂuent discharged. The study suggests that untreated tannery
efﬂuents would be treated by a combined process consisting of
settling, ﬁltering and coagulating with FeCl3.
& 2013 The Authors. Published by Elsevier B.V.
Open access under CC BY license.1. Introduction
Tanning industry is one of the oldest industries in the world. It is typically characterized as pollutants
generated industries which produce wide varieties of high strength toxic chemicals. It is recognized as avier B V. .
ax: +880 721 750064.
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load or demand, biological oxygen demand), inorganic matter, dissolved, suspended solids, ammonia, total
kjeldahl nitrogen (TKN), speciﬁc pollutants (sulﬁde, chromium, chloride, sodium and other salt residues)
and heavy metals etc. [14,15,53,5,35]. Large quantity of water is used in tanning process of which 90% of the
water is discharged as efﬂuent. A part of the leather processing, solid and gaseous wastes are also
discharged into the environment. During the chrome tanning process, 40% unused chromium salts are
usually discharged in the ﬁnal efﬂuents, causing a serious threat to the environment [55,35,43]. Exposure to
chromium, pentachlorophenol and other toxic pollutants increase the risk of dermatitis, ulcer nasal septum
perforation and lung cancer [11]. Without any exceptions there is no efﬂuents treatment plant (ETP) in
leather tanning industries in the country and moreover, the owners of tannery industries are not much
concerned about human health and environmental safety.
The leather industries in Bangladesh are mainly concentrated in Hazaribagh area in the
Southwestern part of Dhaka city. More than 200 tannery industries are located in Hazaribagh area,
and of them about 90% of tanneries are engaged in chrome tanning process. Daily discharged wastes
from all the tanneries in Hazaribagh industrial zone are about 22000 m3 of liquid waste containing
180 mg/L Cr [49]. Liquid wastes are mostly dumped into the River Buriganga, while part of these
wastes is trapped inside Dhaka ﬂood control embankment. Thus, the treatment of tannery efﬂuents is
a matter of great concern for the country. A number of research works on tannery efﬂuent treatment
using different technologies, such as ﬂotation, electrochemical treatment, sedimentation, coagulation,
ﬁltration, ultra-ﬁltration and reverse osmosis process have been reported [41,7,50,32]. Several
investigators have used solid supports, including sand, clay, GAC [21,57], glass beds, rock [23] etc. for
treating the efﬂuents. Coagulation or chemical precipitation has been known for wastewater
treatment since the previous century in England where lime was used as coagulant alone and/or in
combination with calcium chloride or magnesium [25].
Most of the research reports on tannery efﬂuents in Bangladesh have focused on characterization
and impact assessment [17,40,48]. Only a few of the researches on tannery efﬂuents treatment so far
have been reported in Bangladesh. The wastewater treatment process depends on several factors like
efﬁciency, cost-effective and environmental capability [13]. The aim of the study was to evaluate the
treatment by ﬁltration and coagulation–ﬂocculation processes. In this study, tannery efﬂuents were
characterized and treated using ﬁltration and coagulation processes. The study also investigated the
cost effective options for the sustainability of the efﬂuent treatment process.
2. Materials and methods
2.1. Study area
The study area is comprised of tannery area in Hazaribagh Thana situated on the Southwestern part of
Dhaka city, Bangladesh. It is located between 23145′ to 23144′ north latitudes and 90121.85′ to
90122.15′ east longitudes.
Three tannery industries namely of BLC, Karim and BAY Tanneries were selected for collecting the
efﬂuent samples. The tanneries are a renowned manufacturer of all sorts of Crust and Finished shoe
upper softy type and others leather in Bangladesh. Every year, it exports crust and ﬁnished leather to
the USA, Italy, Portugal, Mexico, France, Australia and Germany.
2.2. Sample collection
The study was conducted during the year 2008–2009 and the tannery efﬂuents were collected three
times in a year from the outlet of the three selected leather industries located in Hagaribagh industrial
zone in Dhaka, Bangladesh. For the present investigation, all the samples were collected at the same
time from three different places of pre discharge drain to sedimentation tank, sedimentation tank and
ﬁnal outlet of the waste water discharge system of the selected tanneries.
These discharged efﬂuents were treated with various physico-chemical processes i.e., settling,
ﬁltration and coagulation–ﬂocculation under some speciﬁc laboratory conditions. Each time, 20 l of
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collection was based on the techniques outlined by Pearson et al. [44].
2.3. Treatment process
5 L sample was taken in a beaker, 5 mg/L NaOH was added to decrease the solubility of cations in the
efﬂuent and allowed to settle for 24 h. In this way total suspended solids (TSS) were settled by ﬂock
formation. After settling, the supernatant liquids were passed through sand-stone ﬁlter. Filtration
process is a primary treatment step to remove organic materials from tannery efﬂuents, including
total organic carbon (TOC) and biochemical oxygen demand (BOD5), and nutrient (ammonia). The
efﬁciency and life span of the process are related to the extent of hydraulic loading and regeneration
of the sand-stone and other ﬁlters.
Four-layer sand-stone ﬁlter beds were designed to achieve optimum removal of organic material,
BOD, COD and nutrients. The ﬁltering materials consisted of layers of sand and stones and each
individual layer ranged from 10 to 12 cm. The sand layers consisted of two layers, coarse sands (1 mm
diameter) at the top and ﬁne sands (≤0.15 mm diameter) at the bottom. The stone layers are also
consisted of two layers, larger stone particles (≥5 mm diameter) at the top and smaller ones (≤ 5 mm
diameter) at the bottom, these stones were used to reduce clogging in the sand ﬁlter. A report
suggested that multiple dosing of sand ﬁlters provided superior performance in the treatment
efﬁciency and ﬁlter run time [33]. The used sand stone beds could be reused and regenerated by
cleaning fresh water and boiling at 100–102 1C with saline water ([9]).
The supernatant liquid after settling process was poured into the top of the ﬁlter and allowed to
pass through different layers and ﬁnally percolated water was collected at the bottom of the ﬁlter.
The ﬁltration process also conducted using saw dust solely and combination with sand stone, but the
results were not good enough to consider as a ﬁltration media. Thus the results of these ﬁltration
processes were not discussed here.
In chemical treatment, batch experiments were carried out involving coagulation–ﬂocculation and
sedimentation techniques. The study considered FeCl3 as coagulant to lower sensitivity to water
temperature variation, high removing efﬁciency for color, organic matter and heavy metals, which are
of particular beneﬁt to industrial efﬂuent treatment [52,25]. A deﬁnite dose of coagulant (50, 100, 150,
200, 250, 300, 400 and 500 mg/L) was added to the ﬁltered efﬂuents, stirred gently for 15 min and
then allowed to settle for 0.5 to 4 days. After settling the supernatants liquid were then analyzed for
various physico-chemical parameters everyday during the treatment period.
The optimization of coagulation process depends on the type of coagulant, its dose, pH and time
[20,28,34]. Ferric chloride (FeCl3) has been used inwastewater treatment to reduce TSS, TDS, BOD5, COD,
turbidity and mineral content [18,22]. FeCl3 undergoes hydrolyzes in water to produce two monomer
species [Fe(H2O)6]3+ and [Fe(H2O)5(OH)]2+ along with polymer species [Fe2(H2O)8(OH)2]4+ [8]. The
overall reactions are normally simpliﬁed by the following reaction as stated by Misri and Praswasti
Pembangun Dyah Kencana [39].
2FeCl3+3Ca(HCO3)2-2Fe(OH)3(s)+3CaCl2+6CO2 (1)
At ﬁrst, optimization of coagulant (FeCl3) dose was determined and then optimization of pH was
made. The dependency of pH on coagulation process was examined using a wide pH range from 2 to 8.
The pH was adjusted with 0.1 M Ca(OH)2 or 0.1 M HCl as required in the beginning of the experiment.
Finally the optimization of coagulation period was determined by analyzing the removal efﬁciencies for
each parameter of 0.5–4 days. However, this paper presents only the results of 1-day's treatment as the
results obtained after two or more days treatment did show any signiﬁcant difference from those
obtained in 1-day treatment. The entire experiments were conducted at room temperature (3071 1C). A
schematic diagram of the physico-chemical treatment of tannery efﬂuents is shown in Fig. 1.
2.4. Tannery efﬂuent characteristic and treated efﬂuent analysis
The physical parameters including pH, electrical conductivity (EC), total suspended solids (TSS), total
dissolved solids (TDS) biological oxygen demand in 5 days at 20 1C (BOD5), chemical oxygen demand (COD)
Tannery waste water
Settling in a Beaker
Supernatant liquid
Coarse Sand
Find Sand
Large Stone particle
Small Stone Particle
Filtered Effluents
Collected Supernatant Liquid
Sludge
Sludge 
Collected
Fig. 1. Schematic diagram of physico-chemical treatment process.
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(SO42−), sodium (Na), calcium (Ca) and heavymetals of untreated and treated efﬂuents were analyzed. Colors
(control and treated) were measured in Pt–Co color unit. TSS, TDS and TS were determined gravimetrically
[3]. DO, BOD5, COD, SO42−, Cl−, NO2−–N, NO3−–N, TN, and NH4+–N, were measured as per standard methods of
APHA [4]. Na, Ca and concentrations of heavy metals in the efﬂuent were estimated using AAS (Shimadzu
GF-AAS Model AA-6800) following digestion of the samples with concentrated nitric acid and perchloric
acid mixer in the ratio 6:1 [3]. All chemicals were used of analytical grade reagents and the experiments
were performed at least three times to minimize analytical error. The analysis results were compared with
the values of Indian Standard Institute ([27]), and Inland Surface Water-Bangladesh Standard (ISW-BDS) for
wastewater discharged to evaluate the efﬁcacy of this work. Means and standard deviations of triplicate
samples were analyzed for physico-chemical parameters of untreated and treated efﬂuent. A schematic
diagram of physico-chemical treatment process is shown in Fig. 1.3. Results and discussion
The analysis results of untreated (raw) ﬁltered and chemically treated tannery efﬂuents are shown in
Tables 1 and 2.
Table 1
The physico-chemical characteristics of tannery efﬂuents (before and after ﬁltration processes) and compare with standard
permissible limits.
Parameters Untreated
efﬂuents (raw
efﬂuents)
Sand-stone
ﬁltered
efﬂuents (SSF)
Saw –dust
ﬁltered
efﬂuents (SDF)
Combined sand-stone and
saw-dust ﬁltered efﬂuents
(CF)
Standards limits
(ISI – 2000/ISW-
BDS)
Color units (Pt–Co) 176072.35 86072.39 147074.65 140073.64 15
pH 7.570.11 7.9570.11 870.01 8.1070.09 6–9
EC ( mS/cm) 18.6570.69 12.68 70.56 2071.41 2770.89 0.288
TSS (mg/L) 6800735.35 4800728.9 5400749.18 6000731.62 100
TDS (mg/L) 14000750.99 10500760.60 16000761.68 20000770.75 2100
TS (mg/L) 20800755.01 153007 45.05 214007 50.35 260007 60.37 2200
DO (mg/L) 0.870.03 – – – 4–6
BOD5 (mg/L) 920715.81 81079.35 1505711.94 2400724.49 30/250
COD (mg/L) 3980729.66 3500715.81 6800730.90 145007100 250/ 400
SO42− (mg/L) 4000714.32 3350730.82 3510713.04 3500715.81 1000
ISI-2000¼ Indian Standard Institute–2000, ISW-BDS¼ Inland Surface Water-Bangladesh Standard [24,19].
Table 2
Physico-chemical characteristics of FeCl3 treated tannery efﬂuents.
Parameters Coagulant dose FeCl3 (mg/L)
50 100 150 200 250 400 500
Color(Pt–Co) 40071.41 28670.71 1571.41 3071.41 100 71.41 32073.54 50071.22
pH 7.570.19 7.2370.1 6.9570.19 6.570.19 5.570.07 3.570.15 370.04
EC (mS/cm) 770.19 6.0570.25 4.6870.19 5.770.25 6.670.28 7.570.22 970.24
TSS (mg/L) 50072.39 12073.54 070.07 20073.61 45073.08 65071.41 105071.41
TDS(mg/L) 566177.09 532273.03 407573.53 505073.53 540071.41 607172.91 805071.48
TS (mg/L) 6161710.58 5442710.05 40757 8.09 525078.60 59907 9.61 672173.56 910079.85
BOD5(mg/L) 65071.48 56073.81 20071.41 35073.61 52573.08 60073.81 71073.54
COD(mg/L) 123073.54 93077.87 30071.58 56071.41 73071.58 120573.08 145071.41
SO42−(mg/L) 105073.08 65071.58 46271.41 65771.82 73071.58 85073.7 126073.81
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The average color range of the untreated tannery efﬂuent was found to be 1760 Pt–Co units; which
was 117 times higher than all the recommended values of standard (15 Pt–Co units). The color
appearance of untreated efﬂuent was found yellowish-brown. The analysis results indicate that the
untreated efﬂuents contained highly colored compound which has the potential to pollute the
environment. The original color of the efﬂuent (1760 Pt–Co units) was reduced to 860 Pt–Co units
after sand-stone ﬁltration, indicating the effectiveness (50%) of the ﬁlter media. The color appearance
of this ﬁltered efﬂuent was dull-white. The study also used saw dust ﬁlter solely and a combination of
saw dust with sand-stone to access the ﬁltration efﬁciency, but the results of the ﬁltered efﬂuents
showed less effective in removing color and odor than those of the sand-stone ﬁlter (Table 1).
Reports illustrated that the yellowish brown color contained α-mesosaprobic type water might be
hindering the penetration of sunlight which indicates the presence of signiﬁcant amounts of algae and
large numbers of bacteria [12,54]. The color value of FeCl3 (150 mg/L) treated efﬂuents was found 15
Pt–Co, which was within the permissible recommended level for ISW-BDS and other standards.
Apparently clean efﬂuents were found after treatment with different doses FeCl3 (100–250 mg/L). The
efﬂuents' color have turned clear to light brownish and brownish, when the FeCl3 doses increased
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removal of coloring agent (Table 2). Color responses from all treated efﬂuents were signiﬁcantly
different from those of untreated efﬂuents. The odor was found very obnoxious smell in untreated
efﬂuent but unobjectionable odor was observed after treatment with different does of FeCl3.
In this study, the average temperature was found to be 34 1C which was well below the permissible
limit of National Environmental Quality Standard ([42], website). Temperature is an important
indicator of water quality with regards to survival of aquatic organisms. Research reports showed that
the efﬂuents temperature depends on the process of production in the industry and it is usually with a
range of 32–40 1C [30,53,46].
3.2. pH and EC
The average pH values of the untreated (control) and treated (sand-stone ﬁlter) efﬂuents were 7.5, and
7.95, respectively (Table 1). After ﬁltration, pH slightly increased due to add NaOH during the settling
period. After ﬁltration, the efﬂuents were treated with different doses (50–500 mg/L) of FeCl3. The study
results observed that the pH of the treated efﬂuents was decreased with increasing FeCl3 dose as
expected (Table 2). Similar observation was reported by Islam et al. [26]. EC (at 25 1C) values of the
untreated tannery efﬂuents (control) was observed 18.65 mS/cm which was about 7 times higher than
the prescribed limit for [27] (Table 1). Reports showed that EC of untreated efﬂuents usually contained
about 20 mS/cm [37], supporting the results of this study. EC value of sand-stone ﬁltered efﬂuent was
found to be 12.68 mS/cm, which was very high compare to [27] standard. The results show that EC
values were decreased sharply with increasing FeCl3 doses until EC value reached at around 5 and then
it slowly increased with FeCl3 concentrations (Table 2). Lofrano et al. [36] illustrated that 900 mg/L of
FeCl3 treated efﬂuents showed maximum removal efﬁciency for EC at pH 8.5. However, the results
showed that the higher coagulant (FeCl3) dose was unable to remove signiﬁcant amount of other toxic
parameters. Similar observationwas made by Naumczyk and Rusiniak [41], reported that 600 mg/L dose
of FeCl3 showed the best removal efﬁciency for majority of parameters at pH 6.35. This study results
showed comparatively better removal efﬁciencies in removing the parameters at a lower FeCl3 (150 mg/
L) dose at near neutral pH.
3.3. TSS and TDS
The average TSS and TDS values of the untreated tannery efﬂuent (control) were 6800 and 14,000 mg/
L, respectively, which were very high compared to those of prescribed limits for ISI and ISW-BDS. The
average TSS and TDS values after ﬁltration were still very high indicating that sand-stone ﬁltration
process alone was not sufﬁcient to reduce the values below the standard permissible limits (Table 1).
However the treatment results illustrated that TSS decreased with increasing dose concentration until
the optimum dose of 150 mg/L, but it increased once again with increasing coagulant (FeCl3) dose
(Table 2). But TDS values were still far above the standard limit for all treatment doses. The lowest
values of these parameters (TSS and TDS) were found at a dose of 150 mg/L FeCl3 treated efﬂuents.
The study results reveal that the TSS concentration was almost zero (0) mg/L and the removal
efﬁciency was 100% at a coagulant (FeCl3) dose of 150 mg/L indication the suitability of the
coagulant dose.
3.4. DO, BOD5 and COD
The average values of DO, BOD5 and COD of the tannery efﬂuents (control) were 0.8, 920 and
3980 mg/L, respectively (Table 1), these values were quite unexpected for ﬁsh and other aquatic lives.
DO concentration within 5–8 mg/L is fair for aquatic environment and less than 4 ppm is critical level
[6,2]. Verma et al. [54] suggested that the low DO content (≤4 ppm) of untreated efﬂuents was the
result of high organic pollution indicating the high BOD5 value. The analyzed results illustrated that
DO, BOD5 and COD values were very high than those of prescribed standards ﬁxed for the ISI and ISW-
BDS (Table 1) [19,24]. The results of theses parameters after treatment with different doses of
Table 3
Quantity of dissolved cations of tannery efﬂuents (before and after ﬁltration processes) and compare with standard permissible
limits.
Parameters Untreated efﬂuents
(raw efﬂuents or
control)
Sand-stone
ﬁltered efﬂuents
(SSF)
Saw-dust
ﬁltered
efﬂuents (SDF)
Combined sand –stone and
saw-dust ﬁltered efﬂuents
(CF)
Standards limits
(ISI-2000)/ISW-
BDS
Na(mg/L) 3840737.42 3050741.23 3000718.71 300578.37 –
Ca (mg/L) 78574.12 75073.81 73073.81 72071.58 200
Cr (mg/L) 9.8170.63 9.7870.12 6.870.19 7.870.14 0.1/2
Pb (mg/L) 5.3570.19 4.5570.07 5.2 70.15 4.7570.14 0.2
Cd(mg/L) 3.4570.045 3.1570.10 3.470.16 370.09 0.1
As (mg/L) 1.3570.12 0.8570.11 1.3 70.19 1.2970.12 0.1
Table 4
Quantity of dissolved cations of treated tannery efﬂuents.
Parameters Coagulant doses FeCl3 (mg/L)
50 100 150 200 250 400 500
Na (mg/L) 123073.81 105073.81 46071.58 86073.61 95575.43 115073.54 145073.81
Ca (mg/L) 36073.08 25071.58 14073.81 21073.08 56073.81 61071.41 69071.58
Cr (mg/L) 3.6570.11 1.7570.11 0.3570.01 0.6570.04 2.3570.08 3.570.16 6.570.14
Pb (mg/L) 2.570.25 0.7970.01 0.6770.03 1.270.11 2.6770.12 370.14 3.4570.05
Cd (mg/L) 1.0570.13 0.6970.03 0.2570.06 0.7570.04 2.6 70.08 3.0570.08 3.0570.06
As (mg/L) 0.8070.04 0.6570.04 0.170.04 0.3570.08 0.570.04 1 70.01 1.2370.08
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efﬁciency for BOD5 (200 mg/L) and COD (300 mg/L) (Table 2), which were within the prescribed limits
for ISW-BDS.3.5. Sulfate
The average sulfate content of the untreated (control) and ﬁltered efﬂuents were found to be 4000
and 3350 mg/L, respectively. These values were very high compare to the standard prescribed limits
for ISW-BDS. The high concentration of SO42− in tanneries were a result of many auxiliary chemicals
containing sodium sulfate as a byproduct of the manufacturer or chrome tanning powders [10].
Coagulant FeCl3 removed SO42− efﬁciently from efﬂuents and the lowest SO42−- concentration (462 mg/L)
in the efﬂuent was observed in treatment with 150 mg/L FeCl3 dose (Table 2). The results showed that
maximum sulfate removal efﬁciency achieved was 88.45% and the value was well below the standards
permissible limits of ISW-BDS and other International standards.3.6. Quantity of dissolved metal ions concentration
The average sodium (Na) and calcium (Ca) contents in the untreated efﬂuents were 3840, and 785 mg/
L, respectively (Table 3). The results of the ﬁltrated efﬂuents showed that the sand-stone ﬁlter was
unable to remove Na, Ca and heavy metal ions below the standard limits for efﬂuent discharged.
However, the chemical treatment results show that the coagulant (FeCl3) efﬁciently removed heavy
metals (Cr, Pb, Cd and As) in an optimal coagulant dose of 150 mg/L (Table 4). The analysis results
illustrate that the concentrations of Ca, Cr and As were within the prescribed standards limits for ISW-
BDS. But the concentrations of other metal ions were still very high even after chemical treatment
with coagulant FeCl3 suggesting the need for further treatment.
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3.7.1. Effect of coagulants doses
The effect of coagulant (FeCl3) dose on the removal efﬁciency of different parameters (TSS, EC, COD,
BOD5, SO42−, Cr, As) are shown in Fig. 2. The ﬁgure illustrates that the graphs show a common trend,
where the removal percentage (%) of different parameters are initially increased with dose until the
efﬁciencies got maximum and then decreased with dose. The maximum removal percentage (%)
obtained in 150 mg/L coagulant (FeCl3) dose for all parameters. The highest removal efﬁciencies for
different chemical parameters achieved were 78% (BOD), 92% (COD), 100% (TSS), 88% (SO42−), 96% (Cr),
93% (As), and 93% (Cd). The results of the study revealed that the poor coagulation process was observed
at lower coagulant doses as expected. The study also observed that the removal efﬁciency decreased
when coagulant doses were above 150 mg/L, may be the cause of pH increased. Islam et al. [26]
described that the efﬂuents particles were surrounded by a large quantity of coagulant particles, when
coagulant dose was very high and as a result their surfaces were saturated resulting less possibility to
combine with each other and thus reach another state of stability [26]. Reports showed that the
inorganic sludge production was increased with increasing FeCl3 concentration [37,41]. Thus an
optimum FeCl3 concentration should be chosen for minimum sludge production. The study observed
that 150 mg/L coagulant (FeCl3) dose showed maximum removal efﬁciency, which kept minimum
sludge production in one hand and reduce cost and environmental burden on the other hand.3.7.2. Effect of pH on coagulation
The effect of pH on removal efﬁciency (%) is shown in Fig. 3. The maximum efﬁciencies for different
parameters were found at neutral pH area and they gradually reduced on both sides of the neutral pH.
The colloid substances in the leather industrial efﬂuents usually carry negative electrical charges,
whereas coagulant (FeCl3) possesses a lot of Fe3+ ions. Around neutral pH, Fe(III) are hydrolyzed into
mononuclear and multi nuclear hydroxyl complex ions, which have the capability of adsorbing
particles and formed electric double layer for destabilization of the particles [45]. The study results
illustrate that the maximum removal efﬁciencies were 78, 92, 100, 88, 96 and 92% for BOD5, COD, TSS,
SO42−, Cr, As and Cd, respectively.
The study suggests that the lower coagulation efﬁciencies for the parameters observed at low pH
which may be attributed to the competition between protons and cations for common binding sites
and also colloidal re-stabilization caused by charge reversal at the colloidal surface. [29] stated that
Fe3+ ions did not exist in solutions around neutral pH and a range of hydrolysis products [Fe(OH)2+ and
Fe(OH)2+] are responsible for the de-stabilizing effects on colloid impurities. Different hydrolysis
products can cause different treatment performances. The result of the present study agreed to the
above observation and may be illustrated that at high pH (46.95) and coagulant dose (4150 mg/L),0
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colloidal impurities and settle together and thus reduced the coagulation efﬁciency. pH has an
important role in coagulation process since it controls hydrolysis species [31]. Another report
illustrated that the removal efﬁciency decreased at pH lower than 7 or higher than 9 [1]. The present
study attributes from the above discussion that pH has a great inﬂuence on coagulation process in
removing different parameters including metal cations from tannery efﬂuents.3.7.3. Effect of time
The dependency of removal efﬁciency of some physico-chemical parameters on reaction time is shown
in Fig. 4. The study results indicate that the time of coagulation reaction and subsequent settling has a
large effect on the removal efﬁciency of various parameters. The results of the chemical treatment and
subsequent settling after a half day (12 h) were not enough for getting maximum removal efﬁciency for
any pollutant, but the maximum removal efﬁciencies for all parameters were showed after one day
treatment and they were remained the same after two or more days (Fig. 4). Stephenson and Duff [51]
stated that the inorganic coagulant hydrolyzes quickly and the coagulation process is accelerated. This
M. Chowdhury et al. / Water Resources and Industry 3 (2013) 11–2220observation is in agreement to our study. The study suggests that one day reaction and settling time
would be enough to complete the hydrolysis and sedimentation processes for the coagulant FeCl3.
3.8. Comparison with other treatment processes
The maximum removal efﬁciencies for different parameters were compared to other treatment
processes reported by others are shown in Table 5. Various chemicals and processes have been
practicing for removing different inorganic and organic pollutants from tannery efﬂuents [38,16,56].
Most commonly used chemicals are FeCl3, alums, and TiO2 as coagulants, MgSO4 and NiSO4 as
oxidizing agent, FeSO4, and H2O2 in Fenton-photo process for COD, Cr and other cations removal. The
removal efﬁciency of COD, total organic carbon (TOC), ammonia and sulfate using TiO2/UV oxidation
technique at pH 7 were found to be 3%, 8.5%, 10% and 6%, respectively (no shown in Table 5) indicating
lower efﬁciencies [47]. The results of the present study illustrated that 150 mg/L coagulant (FeCl3)
dose in the pH range 6.5–7.5 has showed the maximum pollutants removal capacity from the tannery
efﬂuents. The other processes mentioned in Table 5 have used huge amount of chemicals compare to
the present study. It may be suggested that few amount of coagulant could reduce sludge production
and thus reducing the environmental burden. Moreover FeCl3 is inexpensive compare to TiO2, alum,
sulfate salts and other commonly used coagulants. So this treatment process could be an efﬁcient, cost
effective and eco-friendly process for the removal of pollutants from leather industrial wastewater
(efﬂuents). Thus the study results showed the best removal performance among other studies
indicating the suitability of its application in tannery efﬂuents treatment.4. Conclusion
The study showed that the untreated tannery efﬂuents contained extremely high values of TSS, TDS,
BOD5, COD, sulfate, sodium, calcium and trace metal ions. These values were far above the standard
prescribed limits for ISW-BDS and [27]. The results suggest that the leather industrial efﬂuents were
not suitable for discharging into surface water bodies which pose potential threats to human health
and the environment. The study illustrate that the sand-stone ﬁltration process could reduce certain
pollution levels but not sufﬁcient enough to consider the process alone using in efﬂuent treatment. It
is observed that chemical treatment with 150 mg/L coagulant (FeCl3) dose showed the best efﬁciency
in removing major physico-chemical parameters which are well below the standard prescribed limits
for ISW-BDS. Thus the study suggests that the combined treatment process, i.e., ﬁltration and
coagulation could be promising in order to reduce pollutants from the other tannery efﬂuents.Table 5
Comparison of sand-stone ﬁlter combined with FeCl3 treatment process with others.
Coagulants Dose
(mg/L)
Removal efﬁciency for considerable parameters (%) References
COD TSS TDS EC Cr Pb As
Alum+polyelectrolyte 600+2 82 85 – – 97 – – [36]
Alum+polyelectrolyte 400+2 77 85 – – 98 – – [36]
FeCl3+polyelectrolyte 1000+2 77 83 – – 99 – – [36]
Alum 800 30–37 38–46 – – 74–99 – – [50]
SBR – 81.9 – – – – 88.6 – [58]
Fenton-photo Fenton oxidation
(ferrous ions and H2O2)
1000+1500 90 – – – 76 – – [16]
Alum+ferric chloride 70+70 81 100 57 – 99 – – [26]
Ferric chloride 300 63.5 98 – 60.7 – – [41]
Fenton oxidation (H2O2 and FeSO4) 111000+6000 77 – – – 23 – – [37]
FeCl3(after sand-stone ﬁltered) 150 92 100 71 75 96 87.5 93 This study
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